Abstract. To constrain the conditions for very early nucleosynthesis in the Universe we compare the chemical enrichment pattern of an extremely metal-poor damped Lyman α (DLA) absorber with predictions from recent explosive nucleosynthesis model calculations. For this, we have analyzed chemical abundances in the DLA system at z abs = 2.6183 toward the quasar Q0913+072 (z em = 2.785) using public UVES/VLT high spectral resolution data. The total neutral hydrogen column density in this absorber is log N(H ) = 20.36 ± 0.05. Accurate column densities are derived for C , N , O , Al , Si , and Fe . Upper limits are given for Fe  and Ni . With [C/H] = −2.83 ± 0.05, [N/H] = −3.84 ± 0.11, and [O/H] = −2.47 ± 0.05, this system represents one of the most metal-poor DLA systems investigated so far. It offers the unique opportunity to measure accurate CNO abundances in a protogalactic structure at high redshift. Given the very low overall abundance level and the observed abundance pattern, the data suggest that the chemical evolution of this DLA system is dominated by one or at most a few stellar generations. With reference to numerical model calculations, the chemical abundances in the DLA system are consistent with an enrichment from a single starburst of a zero-metallicity population of massive stars (∼ 10-50 M ⊙ ) exploding as core-collapse Supernovae (SNe), i.e., the classical Type II Supernovae (SNe II), and possibly as hyper-energetic (E > 10 51 erg) core-collapse Supernovae, so-called Hypernovae (HNe), as well. In contrast, models using non-zero metallicity progenitors or other explosion mechanisms, such as pair-instability Supernovae (PISNe) or Type Ia Supernovae (SNe Ia), do not match the observed abundance pattern. Comparing our results with recent estimates for the global chemical evolution of the intergalactic medium (IGM) and early galactic structures shows that the observed metal abundances in the DLA system toward Q0913+072 are only slightly above the level expected for the intergalactic medium (IGM) at z ≈ 2.6, but significantly lower than what is expected for the interstellar medium (ISM) in galaxies at that redshift. This implies that this DLA system has recently condensed out of the IGM and that local star formation in this protogalaxy has not yet contributed significantly to the metal budget in the gas.
contribute to the chemical feedback on galactic scales (Ciardi & Ferrara 2005) . Hence, only massive stars of ∼ 10-50 M ⊙ , exploding as core-collapse S/HNe, or super-massive stars of ∼ 140-260 M ⊙ , exploding as PISNe, will eventually enrich the ISM and subsequently the IGM.
It has been proposed that metal enrichment is the mechanism responsible for a transition from a top-heavy to a more conventional power-law IMF as observed in the present-day Universe (Bromm et al. 2001; Schneider et al. 2002) . The metallicity is believed to reach a critical value at [Z cr /H] ≈ −4, marking a transition from a high-mass to a low-mass fragmentation mode of the protostellar gas cloud. Conversely, recent observations of hyper metal-poor (HMP) stars, e.g., HE0107−5240 with [Fe/H] = −5.2 ± 0.02 (Christlieb et al. 2002) or HE1327−2326 with [Fe/H] = −5.4 ± 0.02 (Frebel et al. 2005 ) might, at first sight, rule out a top-heavy IMF for Pop III stars. Other scenarios like a bimodal IMF (Nakamura & Umemura 2001; Omukai & Yoshii 2003) , binary star formation, or a nonstandard nucleosynthesis (Oh et al. 2001) for Pop III stars could solve this disagreement.
In order to constrain the mass range and explosion mechanism for Pop III stars which contribute to the chemical feedback on galactic scales, we have analyzed an extremely metal poor protogalactic structure at high redshift by quasar absorption-line spectroscopy.
Quasar absorption-line (QAL) systems are important objects to study the IGM at low and high redshifts. QAL systems sample both low and high density regions in the Universe and thus provide important information about structure formation and early chemical evolution. Metal abundance measurements in QAL systems at high redshift are particularly important to learn about the first generations of stars in the Universe, as these objects should have left a characteristic signature in the abundance pattern of chemically young systems. Damped Lyman α (DLA) absorbers are QAL systems with large hydrogen column densities (N(H) ≥ 2 × 10 20 cm −2 ), and most suitable for studies of the chemical evolution at high redshift (e.g., Péroux et al. 2003 , Richter et al. 2005 . Number statistics of DLA systems imply that these objects dominate the neutral gas content of the Universe at z > 1 Rao & Turnshek 2000) . While most of the observable baryonic content of today's galaxies is concentrated in stars, in the past it must have been in the form of gas. The general agreement between the estimated baryonic mass density for DLA systems (Ω DLA ) at z ≈ 2 and the baryonic mass density in stars at z = 0 makes DLA systems prime candidates to be the progenitors of present-day galaxies StorrieLombardi & Wolfe 2000) . The most important absorption lines of atomic and molecular species in DLA systems at high redshift (z ≈ 2-3) fall into the optical band. Background quasars at these redshifts are usually faint (V ≈ 17 m -20 m ), however, so that one needs 8-10 m class telescopes to obtain high-resolution and high signal-to-noise (S/N) absorption spectra that provide accurate information on these objects.
The DLA system discussed in this paper is characterized by a very low overall metallicity. It exhibits an abundance pattern that points to an enrichment of only one or at most a few stellar generations. Thus, the UVES high-resolution data of the DLA system toward Q0913+072 provide us with a unique insight into the early enrichment history of a proto-galactic structure at z ≈ 2.6.
The Line of Sight toward Q0913+072
An earlier analysis of the DLA system at z abs = 2.6183 toward Q0913+072 (V = 17.1, z em = 2.785) has been presented by Ledoux et al. (1998) . These authors have used the F/8 Cassegrain focus of the ESO 3.6 m telescope and the Nasmyth focus of the ESO 3.5 m New Technology Telescope (NTT) at La Silla, Chile. A total neutral hydrogen column density of log N(H ) = 20.2 ±0.1 was derived from a fit of the Ly α line. With a resolution of R ∼ 13, 000, only a single component in the low-ionization absorption lines of O , C , and Si  could be identified. An analysis of these lines suggested metal abundances of [O/H] ≈ −2.8 and [Si/H] ≈ −2.4 together with a Doppler parameter of b ≈ 7 km s −1 . At this resolution, however, the true velocity structure in the gas is barely resolved. This leads to systematic uncertainties for the derived metallicities, since for several unresolved components the true b values may be significantly lower, and thus the column densities could be underestimated. An analysis of this very interesting DLA system with higher-resolution data holds the prospect of deriving more accurate abundances for C, N, O, Si, and other elements and to investigate the abundance pattern in this system in the context of the metal enrichment of protogalactic structures at high redshift.
Metal Abundance Measurements
The data used in this study were obtained with the ESO Very Large Telescope (VLT) UV-Visual Echelle Spectrograph (UVES) between January 17 and February 16, 2002, mostly during dark time. The total integration time amounts to 6.8 hours (Dic1 + Dic2) while the seeing-conditions were on average 1 ′′ . Q0913+072 was observed through a 1"-slit with two setups using dichroic beam splitters for the blue and the red arm (Dic 1 with B390 and R580 nm, and Dic 2 with B437 and R860 nm, respectively). This setup covers a wavelength range from ∼ 3250-10, 200 Å with small gaps at ∼ 5750-5840 Å and ∼ 8520-8680 Å, respectively. The data have high spectral resolution (R ∼ 45, 000) together with a high signal-tonoise ratio (S/N). The S/N typically varies between ∼ 30-70 per pixel (width = 1.9 km s −1 ) over the wavelength range between 3500-6000 Å. The CCD pixels were binned 2 × 2 and the raw data were reduced using the UVES data-reduction pipeline implemented in the ESO-MIDAS software package. These data are public and can be found in the UVES database of ESO's Science Archive Facility 1 . The spectrum was analyzed using the FITLYMAN program (Fontana & Ballester 1995) implemented in the ESO-MIDAS software package. The routine uses a χ 2 -minimization algorithm for multi-component Voigt-profile fitting. Simultaneous line fitting of the high-resolution spectrum allows us to determine the column density, N, and the Doppler parameter, b, with high accuracy. The b values of the DLA system toward Q0913+072 are assumed to be composed of a thermal component, b th , and a non-thermal component, b non−th , in the way that
The non-thermal component may include processes like macroscopic turbulence, unresolved velocity components, and others. Note that in our case b 2 th ≪ b 2 non−th . Due to the low overall metallicity of this system, metal absorption is detected only in the strong lines of C , N , O , Al , Si , and Fe . No other low ion or other element could be identified. Upper limits for elements like sulfur or zinc can be derived but they are of no further use. Fitting the detected lowionization lines we can identify two dominant velocity components at −1 km s −1 and +11 km s −1 in the z abs = 2.6183 rest-frame ( Fig. 1) , as well as three satellite components at +114, +152, and +181 km s −1 , respectively. For the study presented in this paper we will concentrate on the two dominant components. Due to the large neutral hydrogen column density the H  Ly α absorption spans several Å, so that all sub-components are superposed in one big Lyman trough (Fig. 2) . Therefore, it is impossible to decompose the H absorption line profile into the various velocity subcomponents. From a simultaneous singlecomponent fit of the Ly α and Ly β absorption we obtain a total neutral hydrogen column density of log N(H ) = 20.36 ± 0.05. This value, together with the total column densities derived for the species listed above, is used to determine metal abundances [X/H] = log(N(X)/N(H)) − log(N(X)/N(H)) ⊙ . These range from −3.84 (nitrogen) to −2.47 (oxygen), implying that the overall metal abundance ([M/H] = [O/H] = −2.47 or Z = 0.0034) of the gas is very low. All individual column densities and abundances in the z = 2.6183 absorber are summarized in Table 1 . The errors in this paper represent the 1 σ fitting errors given by the FITLYMAN program. Additional uncertainties arise from to the continuum placement (on the order of 0.1 dex) and the fixing of the line centers and b values. Note that these additional error sources are not included in the error estimates listed.
Our measurements confirm the previous abundance estimates from Ledoux et al. (1998) . However, due to the higher resolution of the UVES data, the system is now resolved into two major and three satellite components for the low ions (instead of one), and five components for the high ions (instead of two). The new detection of Al  and upper limits for Fe  and Ni  provide additional information about the chemical composition of the gas. With [M/H] = −2.47 (∼ 1 / 300 solar) this absorber has one of the lowest metallicities ever measured in DLA systems. More precisely, it is among the four lowest in the sample of 100 DLA systems from Prochaska et al. (2003) and the system with the lowest metallicity in the redshift range 2 < z < 3. Also, this DLA system is (to our knowledge) the only system for which an accurate carbon abundance can be determined. Due to the low metallicity the strong C  absorption is not heavily saturated (or very mildly at most) in contrast to all other known DLA systems.
Note while the two-component structure is clearly seen in the N  λ 1199 line, the observed absorption profile slightly deviates from the expected shape. The reason for this is unclear, but possibly related to noise features that are present in this wavelength range (see Fig. 1 ). The detection significance exceeds 3 σ and 4 σ for the blue and the red component, respectively. However, the main source of uncertainty for the column density derived from the N  λ 1199 line is related to the choice of the continuum level.
Results and Discussion

Metal abundance pattern
The redshift of z abs = 2.6183 of this system corresponds to a lookback time of 11.1 Gyr (i.e., to an age of the Universe of 2.5 Gyr at that redshift) 2 . Given the very low overall abun-2 using H 0 = 71 km s −1 , Ω m = 0.27, and Ω tot = 1 Table 1 . Summary of chemical abundances using the common
The column densities represent the sum over the two main absorption components at −1 km s −1 and +11 km s −1 , as derived from simultaneous multi-component Voigt-profile fits. The total neutral hydrogen column density is log N(H ) = 20.36 ± 0.05. Oscillator strengths are taken from Morton (2003) . Solar reference abundances are listed in Table 2 . dance level and the observed abundance pattern, the chemical evolution of this system is lagging behind the evolution of other DLA systems at similar redshifts. The DLA system toward Q0913+072 can be compared with the nearby dwarf galaxy I Zwicky 18 (at a distance of ∼ 15 Mpc), which contains no stars older than 500 Myr (Izotov & Thuan 2004) . Either these kinds of galaxies have formed just recently, or they have been existing as protogalactic structures for several Gyr. An alternative explanation for the poor enrichment we observe in the DLA system toward Q0913+072 would be that an initial violent starburst might have disrupted the integrity of the protogalactic structure and consequently would have prevented further star-formation activity. This would bring the nucleosynthesis processes to a halt and the chemical composition of the gas would reflect the enrichment pattern produced by the initial starburst.
In the following we focus on the abundances of individual elements that could shed light on the chemical evolution history of this system.
Nitrogen -Comparing our results with a database of 66 DLA systems Lanfranchi et al. 2003) , the nitrogen abundance is among the lowest ever measured (see also Richter et. al 2005) . There is general consensus that oxygen is almost entirely produced by (massive) SNe, the contribution from low-and intermediate-mass stars is practically irrelevant. Carbon, on the other hand, is produced in stars of nearly all masses (essentially by helium burning). In contrast to oxygen and carbon, however, the initial formation of nitrogen is still not well understood. If nitrogen is formed directly from helium it is called primary. If the nitrogen production is dependent on pre-existing carbon seed nuclei, it is called secondary and is obviously dependant on the star's initial metallicity. While all stars which reach the CNO cycle (nitrogen is formed at the expense of carbon and oxygen) produce secondary nitrogen, it cannot be decided at present whether primary nitrogen is produced mostly in massive stars (exploding as SNe) or in intermediate-mass stars (∼ 4 − 8 M ⊙ ) during their AGB phase, or both (Spite et al. 2005) . The role of low-mass stars (< 4 M ⊙ ) for the nitrogen enrichment at high z is not well understood yet, but needs to be explored in future studies (see, e.g., Pettini et al. 2002) For the α-elements, the enrichment depends critically on the star formation rate (SFR). Different absorber systems have different star formation histories, which means that they can reach the same amount of α-enrichment at different epochs. However, the nitrogen production depends more critically on the lifetime of the progenitor stars rather than on the SFR. Intermediate-mass stars dominate the nitrogen production and will follow the massive stars (M > 8 M ⊙ ), which are the main production sites for carbon, with a typical lag time of ∼ 250 Myr (Henry et al. 2000) . Centurión et al. (2003) . Matteucci & Calura (2005) argue that Pop III stars alone cannot be responsible for the abundance ratios in low-metallicity DLA systems. They conclude that the intermediate-mass Pop II stars must have played an important role for the early nitrogen enrichment in the Universe, even at redshift of z = 5. However, the redshift alone is not a good indicator for the evolutionary state of a galaxy. The very low abundances measured in the DLA system toward Q0913+072 together with the very low nitrogen content, when compared with yields from explosive nucleosynthesis model calculations, indeed speak against a major contribution from intermediate mass Pop II stars to the nitrogen enrichment in this DLA system.
Carbon -Reliable carbon measurements in QAL systems are very sparse, since in most cases the C  absorption in P. Erni, P. Richter, C. Ledoux, and P. Petitjean: Constraints on early nucleosynthesis 5 DLA systems, sub-DLA systems, and Lyman-Limit Systems (LLS) 3 is heavily saturated. In all four cases, carbon appears to be underabundant compared to the α elements. Although LLSs and DLA systems are expected to trace different cosmological objects (at least in general), the observed underabundance of carbon may provide information about the early metal enrichment in the Universe. Clearly, more carbon measurements in DLA systems and LLSs are desired to investigate this interesting behavior in detail.
Oxygen -Oxygen is the best element to infer the α-element abundance in interstellar and intergalactic gas, as O  and H  have similar ionization potentials and both elements are coupled by a strong charge-exchange reaction. In the most widely cited set of solar abundances from Grevesse & Anders (1991) , the solar oxygen abundance was reported to be log (N(O)/N(H)) ⊙ + 12 = 8.93. However, recent estimates lead to significant revisions of the Sun's oxygen abundance. In this work we adopted the value of log (N(O)/N(H)) ⊙ + 12 = 8.69 from Allende Prieto et al. (2001) . Further, uncertainties in stellar nucleosynthesis inputs such as the 12 C(α,γ) 16 O reaction rate, convection, fall back and mass loss could alter these and previous results, which therefore have to be viewed with caution.
Dust Depletion -No trace of molecular hydrogen was found the DLA system toward Q0913+072. The logarithmic ratio of hydrogen nuclei in molecules to the total hydrogen nuclei is log f H 2 = log 2N(H 2 ) − log N(H) ≤ −6.9, where log N(H 2 ) ≤ 13.2, i.e., the total upper limits of the rotational ground states J = 0 and J = 1 in the Werner band of molecular hydrogen. Because of the lack of H 2 (which predominantly forms on dust grains) and the extremely low overall metallicity we do not expect dust depletion to alter significantly the abundance pattern in this absorption system (Ledoux et al. 2003 , Vladilo 2002 .
Photoionization Corrections -Given the large neutral hydrogen column density in this absorber, it is not expected that photoionization has any significance on the abundances listed in Table 1 . This is supported by our photoionization model for a DLA system at z = 2.5 based on CLOUDY (Ferland et al. 1998 ). In the case that photoionization should nonetheless be relevant, i.e., in view of the observed two- component structure, the fact that the ionization potential (IP) of H  is lower than the IPs of C , N , Al , Si , and Fe , means that correcting for ionization effects would further decrease these abundances.
Comparison with Metal-Poor Stars -It is legitimate to compare very metal-poor DLA systems to very metal-deficient stars which are believed to retain information of a preceding single SN event or at most a few (McWilliam et al. 1995) . Comparing the abundances from this DLA system with a sample of 9 (unmixed) extremely metal-poor (EMP) Galactic halo giants (−4.0 ≤ [Fe/H] ≤ −2.0) from Spite et al. (2005) , we find a very good agreement for carbon, a reasonable agreement for oxygen and iron (typically ±0.2 dex), but clearly higher values for nitrogen (in average of ∼ 1 dex) in the EMP stars. In (Fig. 3) . We find a reasonable agreement for the carbon evolution in the DLA systems and the halo stars. When comparing with predictions from yields from Pop III stars (Chieffi & Limongi 2002) for the case of an IMF with M ms ≥ 10 M ⊙ (Fig. 3, dashed line) , we notice that the carbon abundances in the two DLA systems match these theoretical predictions extremely well.
Ultra-metal-poor giants with high [O/Fe] ratios, such as presented by Israelian et al. (2004) , seem to predict a new type of SNe (Aoki et al. 2002) where most of the matter was absorbed by the iron core. Smaller [O/Fe] ratios possibly indicate that a significant fraction of iron was incorporated in the SN ejecta, leading to a smaller mass cut and thus less compact remnants, possibly neutron stars. Stars with very low metallicities and DLA systems obviously are extremely important objects to derive constraints on Pop III stars. The nitrogen production mechanism clearly plays a key role but yet requires more detailed work.
Additional Constraints from Numerical Models
The DLA system toward Q0913+072 is a chemically very young DLA system, enriched by one or at most a few stellar generations that have left their typical abundance signature in the gas. We now want to compare the abundance pattern of this system with predictions from recent model calculations to learn more about the origin of this absorber. Strolger et al. (2004) constrain the delay times for SNe Ia, i.e., the time from the formation of the progenitor stars to the explosion, in the range of 2-4 Gyr, where the lower barrier of 2 Gyr distinctly exceeds the age of the DLA system toward Q0913+072, recalling that the age of the Universe at z abs = 2.6183 was only 2.5 Gyr. (2) Yields from explosive nucleosynthesis models -The metallicity of the DLA system we probe is only slightly higher than what cosmological models predict for the IGM at this redshift. We speculate that this primeval metal enrichment we observe originates from only one single star generation, i.e., from Pop III stars. If there was only one enrichment cycle, or at most a few, then the ISM will carry the imprint from these stars and their typical enrichment pattern. As mentioned earlier, only stars in the range of M ms ∼ 10-50 M ⊙ and M ms ∼ 140-260 M ⊙ will contribute to the enrichment on galactic scales. In other words, the questions we ask is: were the first stars massive (∼ 10-50 M ⊙ ) or super-massive (∼ 140-260 M ⊙ ), i.e., were they core-collapse S/HNe or PISNe?
SNe Ia vs. SNe II
We make use of the latest yield calculations from explosive nucleosynthesis models from Kobayashi et al. (2005) for the case of "ordinary" (core-collapse) SNe, the typical SNe II, with an explosion energy of E = 1 × 10 51 erg = E 51 , hyperenergetic (i.e., E > E 51 ) core-collapse HNe, and PISNe. Two mass-energy relations were set: a constant E 51 = 1 for SNe with 13, 15, 18, 20, 25, 30, and 40 M ⊙ , and E 51 =10, 10, 20, and 30 for HNe with 20, 25, 30, and 40 M ⊙ , respectively. The yields for PISNe with 150, 170, 200, and 270 M ⊙ were taken from Umeda & Nomoto (2002) .
The metal abundance pattern of this DLA system was then compared with these yields for metallicities of Z = 0, 0.0001, and 0.004. We assumed a simple power-law IMF, i.e., ξ(M ⋆ ) = (M ⋆ /M ⊙ ) γ , varying γ from −5 to +2 (γ = −2.35 corresponds to the Salpeter IMF). We found that there is no significant difference between a scenario of SNe combined with HNe and a scenario of SNe only. On the other hand, Z and γ are very sensible indicators. We find that zero-metallicity stars produce the most accurate abundance pattern in the case of a steep IMF (γ γ Salpeter ). This and the fact that yields from PISNe do not match the abundance pattern observed in the DLA system toward Q0913+072 (see Fig. 4 ) excludes any significant contribution of PISNe, yet puts a question mark on their existence. Considering the case of an initially enriched ISM, we compared as well with yields from SNe and HNe with progenitors stars having Z = 0.0001 and Z = 0.004. For these second-generation stars (exploding as S/HNe), the abundance pattern is generally reproduced with less accuracy but we notice that a top-heavy IMF partially can reduce these inaccuracies.
The reader should not take this analysis as a proof of the inexistence of PISNe but rather as a strong indication that PISNe events must have been -at most -very rare. We also have to recall that the explosion energy, as well as the mass cut (i.e., the limiting radius between the remnant and the ejecta) for the core-collapse scenario are still two important parameters which are not very well understood, yet could lead to noticeable errors. Kobayashi et al. (2005) are using basically the same code as , 2002 but with a different treatment of the mixing-fallback mechanism in order to explain the chemical evolution of the solar neighborhood. Umeda & Nomoto, on the other hand, focus on iron peak elements, and, in particular, try to reproduce the large [Zn/Fe] observed in EMP stars. Using the yields from Umeda & Nomoto we find that the IMF should peak around stars with 25 M ⊙ and 10 E 51 in order to reproduce the abundance pattern we observe in this DLA system. When using the results from Kobayashi et al. we find that the IMF should peak around stars with typically 15 M ⊙ and 1 E 51 .
Galactic and cosmic chemical evolution -In a recent paper Daigne et al. (2004) have modeled the chemical evolution of condensed cosmic structures (galaxies) and the IGM as a function of redshift including the process of reionization. They consider various different SFRs and IMFs for the progenitor stars that drive the metal enrichment in the early Universe. Following their calculations, a bimodal (or top-heavy) IMF with a moderate mass range of 40-100 M ⊙ yields both, the required number of ionizing photons to reionize the Universe at z = 17, and the correct chemical composition of nucleosynthesis products of these stars to match the observations of metal abundances in metal-poor halos stars and in the IGM. When comparing the mass fractions of C, N, O, Si, and Fe presented in their models with those derived for the DLA system toward Q0913+072 we find that the abundances of these elements in the DLA system are slightly (< 1 dex, typically) above the values predicted for the IGM at z = 2.6, but substantially lower than what is expected for the ISM in galaxies at that redshift. This implies that the DLA system toward Q0913+072 represents a protogalactic structure that has just recently formed, so that local star formation activity in this system had not enough time to significantly enhance the abundance level above that of the surrounding IGM.
Summary and Conclusions
The DLA system at z = 2.6183 toward Q0913+072 is characterized by a very low overall metal abundance ( . These values mark this system as the most metal-poor DLA system observed at z < 3. We further report this absorber to be the first DLA system at present date with a reliable carbon measurement. The low nitrogen abundance implies that this system has not yet attained the full level of primary nitrogen enrichment. This, and the fact that the overall abundance level is only slightly above that of the IGM at that redshift, point toward a protogalaxy that has just recently condensed out of the IGM.
The comparison of the abundances in this DLA system with a sample of extremely metal-poor halo giants shows a very good agreement for carbon, and a reasonable agreement for oxygen and iron. Predictions from yields from Pop III stars (Chieffi & Limongi 2002) for the case of an IMF with M ms ≥ 10 M ⊙ match the carbon measurements of the two available DLA systems extremely well.
Stars with main-sequence masses below ∼ 10 M ⊙ do not essentially contribute to the metal budget in the gas on galactic scales, and primordial stars in the range of M ms ∼ 50-140 M ⊙ and above ∼ 260 M ⊙ are believed to collapse without being able to eject any enriched gas. The only stars with a chemical feedback must therefore be stars with M ms ∼ 10-50 M ⊙ , exploding as core-collapse S/HNe, or stars with progenitors in the mass range ∼ 140-260 M ⊙ , exploding as PISNe. Scenarios of progenitor stars with a non-zero metallicity, a topheavy IMF, other explosion mechanism like SNe Ia or PISNe, or a combination of the foregoing, cannot satisfactorily explain the observed chemical abundance pattern. Comparing the metal abundance pattern of the DLA system at z abs = 2.6183 toward Q0913+072 with yields from explosive nucleosynthesis model calculations, we conclude that the most likely scenario for the observed abundance pattern is massive (but not super-massive) Pop III stars with M ms ≈ 10-50 M ⊙ , exploding as core-collapse S/HNe. 
